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Abttfct 

A «tatu« rtport is prtatnttd oa tbt dtvtlepatot of th« tr«o«l«at 

thtraal property apparatus dtacribtd in Parts I and II of WADD-TR-60- 

501• Nodlfieatlooa and iaprovsatnta of tbt apparatus art doaeribsd, 

and roaulta of asaaursasata of tbt tboraal diffualvitj of tantalus 

at l^OO0 and 1500'C art glvtn. Tbt atatua of tbtraal proporty ataaurf 

atnta by txiatiag ttebnlquta ia also iacludtd. 
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Fofword 

Th« work rtporttd htrt «•• pcrforaod bj Atoale« Iat*rMtioMl( • 

Dltltlon of North Aaorieoa Aviation, uodor tbt ouapieto of tht Oopwt- 

■oat of Dofoaoo through tbt Advaaeod Rooooreh Projoot Agooey. Coatroet 

Af 33(65A7136 ioauod uadtr APPA Ordor No. 2ii-6l, Projoot 002, "Natoriala 

Thtraal Proportioa", »aa adalaiatortd bj tho Diroctorato of Natoriala 

and Proeooaoa, Oopaty for Tocbaolegy. Aoroaautical Syatoaa Diviaioa, with 

Mr. Rjaaa Nareua •etiag aa projoot «ogiooor. Thia rtport covora work 

conduetod froa August 1, 1961 to Soptoabor 30, 1961, 

Thia iavoatigatioa is an txttaoioa of work prtvioualy ptrforaod 

uador Coatraet AT 33(6l6)-679*» which waa uador tho roopoaaiblt 

auporviaion of Dr. H. R. Hukhtrjoo of tho Thoraooloctric aad High 

Toaporaturo Natoriala Soctioa. Tho proaoat work ia uador Dr. S. C. 

Caraiglia of tho Fuola aad Natoriala Dtpartaoat. Nr. Nark Nakata has 

Joiaod ia thia work and boo aaauaod aa iaportant rolt ia tho ospori- 

aaatal phaaa of tbt traaaiant tharaal diffuaivity apparatua. 
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Study of ThT—1 PropTttM of Ifcff ctoriM 

bj R. R. Ttjlor and N. N. HakaU 

I. latrodttetlon 

Tb« prlsary purpoot of tbi« projoet io to «ooauro, doserlbo, 

•ad uadorataod tbo tboraaX proportlto of rofraetory aatoriola 

froa aabioot toaptraturt to taaporaturaa approaebiag tba aaltiag 

poiat. Tbia quarterly prograaa roport covara tba pariod froa 

Jtiguat 1, 1961 to Saptaabar 50, 1961. 

Dua to dalaja la fuadiag, merk  waa carriad out at a low 

laval of activity duriog aoat of tbo quartar. Rowttar« bocauaa 

aaaaatlally all of tba davalopaaatal work oa tba pbotoalaetrie 

pyroaotor bad baaa eoaplatad duriag tba pracadlag pariod, aub- 

ataatial prograaa waa aada toward tba davalopaaat of tbo apparatua 

for tranaiaat tbaraal proparty aoaauraaaata* Tbia pbaao of tba 

work la daacribad la Saetioa IZ. 

Za ordar to obtala iaforaatioa oa tbo tbaraal prapartiaa of 

rofraetory aatariala duriag tba davalopaaat of aaw appreaebaa, aa 

affort utiliaing aiiatiag taebaiquaa baa baaa aaiataioad. Tba 

atatua of tbia work ia daacribad ia Sactloaa 111 aad IV. 
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XI« Sf tu« R«port OB Traneitnt TbT««l PropTiy Apparatus 

Th« incrtastd stncitlvity resultlog fro« tn» eoaplstion of 

tb« phototltctrie pyroacttr described in past reports * and 

tbs use of pbetogrspbic teeboiqucs pinpointed problcas in sbield- 

ing and ssaple boles. Specifically, it waa diacovered tbat s 

significant aaount of stray radiation was entering tbe detector 

snd that the focusing arrangeaent waa inadequate. 

Modifications in the rsdiation ahield aaseably were therefore 

asde, 1) to reduce the aaount of heat generated in the shields 

due to RP energy pickup, and 2) to cut down the aaount of spurious 

radiant energy reaching the detector to a negligible level, by 

aeans of suitsble shields snd colliastors. The configuration is 

shown in Figure 1. A aarked decrease in RF snergy pickup by tbe 

tsntslua shields wss obtained by placing thea Just above the con- 

centrator inatead of extending thea into tbe apace occupied by 

tbe beater and speciaea. Further reduction in tbe shisld teaper- 

sture was aade by cutting radial slits and punching pinholea in 

the shields* 

The aajor source of spurious radiation was found to be the 

aeattered light eaanating froa the apace between the individual 

ahielda and between tbe shield aaaeably and tbe ssaple. Cersaie 

theraoeouple tubes approxiaately .060 in. I.D. and 1/2 in. long 
e 

were inserted through the sight holes of the shields to within 
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•pproftiMtcly 0.01 in. fro« iftt saaplt, to correct tbi« condition. 

It MI« «Uo found that tbt diffuat rodintion fro« tbo outoraost 

abiald and acatttrcd light froa tha pyrcx vacuua tncloaura con- 

tributtd a aignificaat aaouot of radiation to tho dattctor. A 

aacondary radiation abicld conaiating of an alueina ring «hieb 

tncirclta tbe tantalua abiclda. and an aluaina disc Mbicb fita on 

tba ring, all but aliaiontcd the diffust radiation raacbing tbt 

pyroaotar. Finally, a sanli out aignificant aaount of radiation 

wan btiog picked up by tbt pyroatttr froa tba aigbt bolt wbicb 

waa not bting acanurod, becaua« of tn« proxiaity of tba bolaa and 

tbt diatanca of tbt pyroatttr froa tbt aptciatn. A abttt of 

attal in Mbicb two 0.1 in. bolta wart drilltd to aatcb tba aigbt 

bolaa, wan plactd ovtr tbt aigbt windowa, ao tbat tba narrow baaa 

of radiation froa only tbt aigbt bolt bting ataaurtd would roach 

tba pyroaatar optica. 

Two 0.060 in. aigbt holta wtrt drilltd into tbt aptciatn to 

a daptb of 7/16 in., and conctntric bolta, 0.0^*0 in.« wara 

drilltd within the largtr bolta to a dtpth of 1/8 in. Tbt narrow 

ahouldtr at tbt bottoa of tbt largtr bolta waa than uatd ae a 

guldt to focua tbt pyroatttra accurately on tbt bottoa of the 

aigbt bolaa. Tba radiant energy paaaing to tbe phototube waa 

liaited to an area of approxiaately 0.030 in. diaaater by adjuat- 

Ing an iria diaphraga in the optical ayatea. 

The photoelectric pyroaeter waa deacribed in a prevloua 
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rtport.  Minor «djuctatnu wtrt udt to i«prov« ibt foeuaiag 

■Mbaoln and to f»r«v*al chong«« in tb« pbotoaultiplitr output 

duo to «Ugbt «biftiBf of tbt pbototub» w&tbio tat pjroattor 

housing. 

XaprofcsonU -tr» andt in tb« «ptciatn and ntttor aupportt 

•o tbnt inconeiotteeita in tba patttrn of tbtraal tranaport 

wnicb ware obaarvcd in aost of tnt pravioua runs wart coaplataly 

alialaatad. 

Abaoluta taaptrntura datarainationa wtrt aadt witb an 

optical pyroatttr. Tbt pjfroaattr uatd waa a Pyro Kico optical 

pjroaatar, «hieb Mas eallbrattd againat a tuagatan filaaant laap 

calibrattd at tba National Buraau of Standarda. Tbt aasiaua 

unctrtainty in tbt prtatnt calibration la aatiaatad to ba 1 17«C. 

Tbt raptatability of rtadirga for tbia pjroatttr la i 20C. Cor- 

rtction for tbt abaorption of tbt aigbt window and priaa wbicb 

wtrt uatd in conjunction with tbt optical pyroatttr waa alao 

dtttraintd. 

The photocurrent output fro« tach of tbt aigbt bolta at 

attady statt was ataaurad and plotted againat tba taaparaturaa 

obaarvad with tbt optical pyroaetar to dataralna wbathar tbt 

photocurrtnt output waa an accurate function of the teaparatura 

of the holea. The calibration curve obtained In the praaent 

work la shown in Figure 2.  It la encouraging to note that, 
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wltbin tbt ••oaiUvUj of tb« optical pjroatttr, tbt pbotocurrtnt 

output !• tbt •••• for botb aifbt boloe, ovtr tbt ttaptraturt 

raogt covtrtd. Tbl« I« an indication tbat tbt contribution of 

«purioua radiation baa btto rtductd to an inaignificant laval. 

Altbeufb tbt optical pjrostttr will indicatt a ttaptraturt cbangt 

of i 29C  (wbtrtaa tbt atnaitivity of tbt pbototltctric pyroatttr 

la an order of sagnitudt grtattr), if eufficitnt calibration 

pointa art rtcordtd, a rtaaonablj accurate calibration can be 

obtained by aeana of curve fitting. 

a. Eiperiaental Reaulta 

Tantalua waa cboaen aa the firat aaaple for tranaient 

tberaal diffuaivity deterainatioo. Tb« bigb teaperature theraal 

conductivity and apccific beat of tantalus bave been deteralned 

3 <• 
at tbio laboratorj * ao tbat the tberaal diffuaivity obtained 

experiaentalljf can be coapared witb tbe valuea calculated froa 

tbe equation: 

K 0 " H  ' 

uaing tbeae data. 

The tantalua apeciaen waa a right cylinder, 0.623 in. diaa. 

by 1.573 in. long. The center eight hole waa drilled at radiua 

r. 0 « 0 and the outer hole at r. * -y*. , where a la the 

radiua of the aaaple. Tbe theraal diffuoivity calculated for 

2 
tantalum la 0.212 ca /aec at 1500oC. When these valuea are uaed 
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U tbt following txproaolon for our prosont «pteiaM eoaflgurotioat 

2   i 

&t       At 

• &t  of only <M7 ate. is iodUattd. Tsua. tontalua ia a diffi- 

cult aattrial to acaaurt. On toe ototr hand, if mt ajatca eaa bt 

and« to aeaaur« tbt tbtraal diffuaititjr of tantalua witb auffieiaat 

accuracy, aaaaurtatnta of refractory coapouoda would tbaa ba 

relatively «aay becauae their diffuaivity ia uaually leaa tbaa 

half that of tantalua. 

Table 1 givea a coapariaon of the tberaal diffuaivity of 

tantalua aeaaured with the preeent apparatua witb tbe valuea cal- 

culated froa the literature. 

Liter. 
a 

CB2/aec 
At.   I ■ec 

Exp. 

caVaac T 0C Run 1 Run 2 Run 3 Aver. 

1<*00 

1500 

0.211 

0.212 

0.35 

0.35 

0.33 

0.37 

0.35 

0.37 

0.3*3 

0.363 

0.230 

0.217 

Conaldering tbe aaall At for tantalua, the reproducibillty of tbe 

data is excellent. Diffuaivity data between 1300° and l^OO^ and 

between 1500° and 1700oC can also be deterained witb the preaent 

aetup, but the temperature-time curves were not recorded in a 
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•tiiUbl« for« for •eeurot« eurft fittiof In tbtso toaptroturo 

roogo«. Data for tbcot roAgoe »»ill bo fivoa la a lator roport, 

but it aay bo atatod boro tbat valuoa oaUaatod by  oxtrapolatioa 

agrto Mitbin 20* of tbo litcraturo valuoa. 3ovoral avoouoa aro 

atill opoa for incroaaing tb« accuracy of tbo data. Kultipliar 

pbototubca with oighor aienal-to-noieo roaponeo aro eow on tbo 

•arkot and can bo roadlljr lacorporatod into our proaont pjroaotor. 

Alao, an altoraato toebniquc of covoring a narrow toaporaturo 

rango per run la bting invoatigatod. Tbia tocbaiquo allowa aoro 

aeeurato ataauroaoata in Li  by aproading out a narrow toaporaturo 

raaga ovor tbo rocordtr cbart. 
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!*!• SUtiw Rtport on St««dy SUU Thtr—1 Conductivity ApwtM 

Thtra»! conductivitj ■taaurtatDU of «pteiaoB« of tlrcoalua 

earbid« bovo boon InltUUd nod rooulto will bo glvon in tbo ooit 

report poriod. 

Tbt rooitlto of tbo thorool conductivity ■oaouroaonto of 

titonlua corbldo obtained in tbo Uborotory2 oro in aarkod dio- 

•grooaont with  tbot proviouoly reported tj  Vooiloo and Klngery^. 

Tboroforo, opeciaeno of titonlua carbide wore cut fron one of tbo 

ooaploo oenourod in tbia leborotory ond were oent to Dr. Nicboel 

Hoch of tbo Univeroitj of Cincinnoti for tberaol conductivity 

■eaaureaento by anotbor teebniquo. It lo expected tbot tbo rooulta 

of Dr. Hoch will be ovalloblo by tbo nest reporting period. 
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IV. Sf tu* Rg£ort on Pulat Hgating Ttchnlqu« for Spteiflc Ht«t Dtttraiottloa« 

Th* doaigo of tht aaaplo boldtr for tbt apteifle btai dattraioa- 

tion by tba pulat baating tacbnlqua waa iaprovad ovar tbat prtvioualy 

daaerlbad.  Tba aajor problaaa ovarcoat by tba naw daaign ara tba 

aaaa of aaapla alignaent and tha davalops«nt of voltaga probaa for 

uaa witb aaaplaa wbart apot waldlng tacbniquaa ara not aatiafactory. 

Tba leprovad holdar is ahowo in Flgura 5. Tbt aaapla abovn aountad 

in tba boldar ia tltaniua carbide. Tbia aaapla waa pulaa baatad to 

15000C atvaral tiaaa w;ih no evidenca of failure. A beating rate 

of 6000eC par aecond w.»a uaed and oaeilloaeopie tracaa of tba 

voltage and current aa a function of tiaa ware pbotograpbad. Tbara- 

fora, apecific beat aeaauraaanta can ba aada on tbia type of brittle 

aatarial. Tbe sajor reaaioing problea ia tbe lack of aa apparatua 

for accuiately deteraining tbe electrical reaiativity of large 

(i.e., non-wire) aaaplea at bigb teaperaturea. DeTelopaental work 

on tbia apparatus ia under way. In the aeantiae, data to 1000oC 

ara being obtained and will be given in the next report. 

Tbe electrical reaiativity of tungaten wire waa aeaaurad froa 

ambient to 17000C. Tungaten/tung8ten-26% rheniua tberaocouple 

wire baa been ordered to allow extension of the aeaauraaent range 

to at leaat 2500oC, After tbe measurement of the electrical 

reaiatiTity ha« been extended to tbe higher temperature, the 

apecific heat of tungaten will be obtained over the aaae temperature 

range. 
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Figure 1.    Cul-Out View of Transient Thermal 
Diffusivily Configuration 
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RECIPROCAL OF TEMPERATURE CK''«!«)4) 
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Figure 2.    Calibration Curve of Photoelectric Pyrometer 
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